Host defense peptides (HDPs) are a large group of small, positively charged peptides that play an important role in innate immunity, particularly at early ages when other components of the immune system have not fully developed. There are 3 classes of avian HDPs: avian beta defensins (AvBDs), cathelicidins (Cath), and liver-expressed antimicrobial peptide 2 (LEAP-2). The objective was to compare expression of HDP mRNAs in male turkey poults at day of hatch (d 0), d 7, d 14, d 21 and d 28 from the thymus, spleen, bursa, duodenum, jejunum, and ileum. The expression of AvBD1, AvBD2, AvBD8, AvBD9, AvBD10, AvBD13, Cath2, Cath3, and LEAP-2 mRNA was measured using qPCR (n = 6 birds/tissue/age). Data were analyzed by one-way ANOVA and Tukey's test, and significance considered at P < 0.05. AvBDs and Caths exhibited greater expression in immune organs (thymus, spleen, and bursa) than intestinal tissues. In the thymus, expression of all AvBDs examined, except AvBD8, 
INTRODUCTION
The immune system is responsible for defending against pathogens and other environmental insults. In vertebrates, the immune system consists of 2 main branches, innate and adaptive immunity, which broadly differ in response time and specificity (Parkin and Cohen, 2001 ). Innate immunity is the first line of defense; it is immediate but lacks high specificity. In contrast, the adaptive immune response is initially slower but is highly specific to encountered antigens. Hostdefense peptides (HDPs) are one of the innate immunity components and also help in the recruitment of immune cells to enhance the adaptive immune response. HDPs consist of a large group of small peptides that are cationic and amphipathic with direct antimicrobial activities and immunomodulatory properties (van Dijk et al., 2008; Wang, 2013) . The antimicrobial activity C 2017 Poultry Science Association Inc. Received October 6, 2016. Accepted December 13, 2016. 1 Corresponding author: RDalloul@vt.edu of HDPs helps to defend against bacteria, fungi, protozoa and enveloped viruses, while the immunomodulatory properties help in boosting adaptive immunity through chemotaxis of lymphocytes. The mechanism by which HDPs kill microbes consists of two basic stages: first binding to the cell and then producing pores that lead to cell leakage and lysis (Yang et al., 2000) .
Generally, HDPs have 2 major families: defensins and cathelicidins. Three subfamilies of defensins have been described, α, β, and θ, with only the β-defensins found in birds (Ganz, 2003) . In avian species, there are 3 HDP classes: avian beta-defensins (AvBDs), cathelicidins (Caths), and liver-expressed antimicrobial peptide 2 (LEAP-2) (Cuperus et al., 2013; Zhang and Sunkara, 2014) . The 14 AvBDs differ in their chemical structure, mainly amino acid sequence and composition (Klüver et al., 2006) , but usually consist of 14 to 45 amino acids. AvBDs were first isolated from chicken heterophils (Evans et al., 1994) and originally called gallinacins, then renamed as AvBDs (Lynn et al., 2007) . The second class is Caths, which are short peptides consisting of less than 40 amino acids with a highly conserved cathelin-like domain (Zanetti, 2005) . Four different Caths have been described in birds; however, their numbers differ between and within species (van Dijk et al., 2011) . Since Caths are HDPs, they have the same mode of action and mechanisms as AvBDs. The third class is LEAP-2, which is a peptide consisting of 40 amino acids with 2 disulfide bridges that is highly expressed in the liver and intestine (Hocquellet et al., 2010; Cuperus et al., 2013) . LEAP-2 has a unique primary structure yet is similar to other HDPs in terms of the positively charged amino acid residues and the multiple disulfide bonds (Krause et al., 2003) .
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Avian HDPs are not well characterized in turkeys (Dalloul et al., 2010; Cuperus et al., 2013) . The objective of this study was to profile the gene expression patterns of 9 HDPs (AvBD1, AvBD2, AvBD8, AvBD9, AvBD10, AvBD13, Cath2, Cath3, LEAP-2) in immune and intestinal tissues (thymus, spleen, bursa, duodenum, jejunum, ileum) of commercial turkey poults at different early developmental stages (d 0, d 7, d 14, d 21, d 28) , which represent a critical period in the poult's life when its immune system is not fully developed.
MATERIALS AND METHODS

Tissue Sampling
Tissue samples (n = 6) were previously collected at day of hatch (d 0), d 7, d 14, d 21, and d 28 from thymus, spleen, bursa, duodenum, jejunum, and ileum of commercial broad-breasted white male turkey poults (AgForte, Harrisonburg, VA). The birds were raised on large floor pens using fresh wood shavings with commercial starter poult feed and water provided ad libitum from hatch to 4 wk of age. The birds were not infected and not vaccinated, and housed at the Virginia Tech Turkey Research Center in accordance with IACUC guidelines (Weintraut et al., 2016) . The tissue samples were stored at -80
• C in RNAlater (Life Technologies, Grand Island, NY) until RNA extraction.
RNA Extraction and Relative qPCR
Total RNA was extracted from tissues using the RNeasy Plus Universal Mini Kit (Qiagen, Valencia, CA) with QIAzol Lysis Reagent (Qiagen) according to the manufacturer's instructions. The RNA concentration was measured using a NanoDrop 1000 (Thermo Scientific). cDNA was synthesized from 2 μg total RNA using the High Capacity Reverse Transcription cDNA kit (Applied Biosystems, Inc., Foster City, CA), then diluted 1:20 with RNase-free water. Quantitative reverse transcription polymerase chain reaction (qRT-PCR) assays were run using 1 μL diluted cDNA, 5 μL Fast SYBR Green Master Mix (Applied Biosystems, Inc.), 1 μL of both forward and reverse primers (2 μM), and RNase-free water to reach a total volume of 10 μL using an ABI 7500 Fast Real-Time PCR instrument (Applied Biosystems, Inc.). The manufacturer's default program was used (95
• C for 20 s, 40 cycles of 95 • C for 3 s and 60
• C for 30 s). The primers for the 9 target genes were designed by Primer Express (v3.0) software (Applied Biosystems, Inc.) and are listed in Table 1 .
Fold change was calculated using the 2 -ΔΔCt relative quantification method (Livak and Schmittgen, 2001) . Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the reference gene, and the average value for d 0 thymus was used as the calibrator for all examined tissues as it had the lowest expression value. JMP Pro 12.0 software (SAS Inc., Cary, NC) was used for statistical analysis. Fold change data were analyzed by one-way analysis of variance (ANOVA) and Tukey's test with significance considered at P < 0.05.
RESULTS
Overall, AvBDs and Caths showed greater expression in the immune organs (thymus, spleen, and bursa) than the intestinal tissues, whereas LEAP-2 showed greater expression in the intestine than immune organs. The AvBDs showed both tissue-and development-specific expression. AvBD1 expression in the thymus was low (P < 0. was the same as for AvBD1, with low expression at d 0, d 7, and d 14 and greater expression at d 21 (P < 0.05; Figure 4 ). There were no differences in the other tissues examined. AvBD10 level in the thymus was low at d 0, d 7, and d 14 and elevated at d 21 (P < 0.05; Figure 5 ). In the small intestine, AvBD10 expression was greatest at d 0 and then declined at d 7, d 14, and d 21 in the duodenum, jejunum, and ileum, and d 28 in the jejunum and ileum (P < 0.05). Like AvBD1 and AvBD9, AvBD13 expression in the thymus was low at d 0, d 7, and d 14 and increased at d 21 (P < 0.05; Figure 6 ). In the duodenum, AvBD13 expression was low at d 0 and d 7 and increased at d 28 (P < 0.05).
The cathelicidins Cath2 and Cath3 also showed tissue-and development-specific expression. Both Cath2 and Cath3 showed low expression in the thymus at d 0, which increased to d 14 and then declined at d 21 and d 28 (P < 0.05; Figures 7 and 8) . In the spleen, expression of Cath2 and Cath3 was the greatest at d 0, which rapidly declined from d 7 through d 28 (P < 0.05). In the bursa, there was low level of Cath3 expression, which elevated from d 7 to d 14 and then declined to d 21 (P < 0.05). In the small intestine, Cath2 expression was low at d 0 and d 7 and higher at d 21 in the ileum (P < 0.05).
LEAP-2 was expressed greater in the intestinal tissues than the immune organs and showed a more complex pattern of tissue-and development-specific 
DISCUSSION
The expression profiles of 6 AVBDs, 2 Caths, and LEAP-2 were assessed in turkey poults at weekly intervals in thymus, spleen bursa, and intestinal tissues. The thymus, bursa, and spleen are important immune organs that contribute to the host immunity response. The thymus and bursa are primary immune organs, while the spleen is a secondary immune organ. The function of the thymus and bursa is to help with production and differentiation of T cells and B cells, respectively. In addition to its function in blood filtration, the spleen is a key immune organ for systemic antigen sampling and mounting appropriate humoral and/or cellmediated immune responses (Smith and Hunt, 2004) .
In this study, the thymus and spleen expressed greater levels of AvBDs and Caths than the intestine in a tissue-and temporal-specific manner. AvBD1, AvBD2, Cath2, and Cath3 were highly expressed in the spleen at d 0, which declined at d 7 and remained low until d 28. Hong et al. (2012) observed high expression of AvBD1, AvBD2, AvBD4, AvBD5, AvBD6, and AvBD7 in the spleen of non-infected Ross and Cobb chickens at 20 days of age. Because expression was examined at only a single time point (d 20) , it is unknown if AvBD expression was greater at earlier time points in broilers. In the thymus, all AvBDs examined, except for AvBD8, showed increased expression from d 0 to d 21. This suggests that the spleen plays an important role in innate immunity immediately after hatch by expressing AvBD1, AvBD2, Cath2, and Cath3. The thymus may play a later role in expressing AvBDs and Caths.
The small intestine not only plays the major role of nutrient digestion and absorption, but also is the largest lymphoid tissue and is key to gut immunity and health. The gut-associated lymphoid tissues (GALT) are part of the mucosa-associated lymphoid tissues (MALT) and contain the highest number of leukocytes among all lymphoid tissues (Kasahara et al., 1994) . The GALT comprise several types of lymphoid elements harboring both innate and adaptive immune cells necessary for dealing with pathogens. In addition, the intestinal epithelial cells play an important role in the innate immune response via the production of HDPs and communication signals like cytokines and chemokines. Ramasamy et al. (2012) reported that in the ileum of 4-day-old non-infected chickens, AvBD13 and AvBD14 were significantly expressed. In our study, AvBD10 showed the greatest expression in the intestine at d 0 followed by a decline, whereas AvBD1, AvBD8, and AvBD13 showed an increasing pattern of expression from d 0 to d 28 in the duodenum. These results suggest that AvBD10 plays an important role in gut immunity starting at hatch, while AvBD1, AvBD8, and AvBD13 play a later role.
LEAP-2 has a different structure from AvBDs and is highly conserved between vertebrates (Howard et al., 2010) . LEAP-2 is expressed in a variety of tissues. Townes et al. (2004) showed that LEAP-2 was expressed in the small intestine, liver, lung, and kidney but not spleen, pancreas, and brain of 5-day-old chickens. Su et al. (2015) reported greater LEAP-2 expression in the duodenum, jejunum, and ileum compared to the ceca in 28-day-old non-infected broilers. LEAP-2 was also expressed in the reproductive organs (ovary, oviduct, testis, and epididymis) of 28-week old male and female chickens (Michailidis, 2010) . In this study, we similarly found that turkey LEAP-2 was expressed greater in the intestine than in the immune organs, increasing from d 0 to d 7 through d 28 in the duodenum. In the thymus, LEAP-2 showed early upregulation from d 0 to d 7, followed by a decline. Thus LEAP-2 is expressed in a variety of tissues and provides a first line of defense for multiple organ systems.
Cath2 and Cath3 expression in the intestinal tissues was similar to that found in previous studies. Cath2 did not show any expression in the gastrointestinal tissues of either healthy or infected birds, which indicates that the expression may be restricted to the heterophils only and not the epithelial tissues (van Dijk et al., 2009; .
In conclusion, due to the commercial importance of turkeys and their sensitivity to diseases especially in the first few weeks of age, this study represents an important foundation for understanding HDP expression patterns and innate immunity in turkey poults. These findings can be used in further research to improve the health of turkeys at early stages of life through the use of dietary components (e.g., butyrate and probiotics) to enhance HDP expression and accordingly enhance the immune system (Trebichavský andŠplíchal, 2006; Sunkara et al., 2012) .
